The sub-Tenon's technique uses blunt dissection and a blunt probe to inject local anaesthetic into the posterior sub-Tenon's space. This avoids the potentially catastrophic complications which result from passing a sharp needle blindly into the orbit and retrobulbar space. The anatomy of Tenon's capsule and the block technique is described. Results of the block quality and degree of patient comfort from 300 consecutive sub-Tenon's blocks are also described.
The properties of an ideal local anaesthetic technique for ophthalmic surgery should include globe analgesia, akinesia, absence of external pressure on the globe, minimal injectate volume and absence of serious complications. The retrobulbar technique is associated with several uncommon but potentially serious complications such as scleral perforation 1 , retrobulbar haemorrhage 2 , brainstem anaesthesia 3 , and optic nerve damage 4 . The peribulbar technique 5 offers some advantages over retrobulbar block. A large injectate volume, however, is required and the risk of scleral perforation is still present 1 .
These complications arise because of trauma produced by passing a sharp needle blindly into the retrobulbar space. In 1992 Stevens 6 described the technique of passing a blunt probe into the sub-Tenon's space by blunt dissection. Hansen et al 7 had previously described a sub-Tenon's block but this involved dissections in the superior quadrants and may interfere with the surgical site. The technique employed in this series involved the single inferonasal approach described by Stevens which is away from the site of surgery and is more suitable for an anaesthetist to perform prior to surgery. This technique has not been previously described in the anaesthetic literature.
METHODS
Following appropriate institutional approval and informed consent from the patients, the technique was evaluated for its efficacy and its suitability as a technique for use by anaesthetists.
Anatomy
Tenon's capsule is a dense fibrous layer of elastic connective tissue surrounding the eye and extraocular muscles in the anterior orbit 8, 9 . It originates at the limbus and extends posteriorly to the optic nerve and as sleeves along the extraocular muscles ( Figure 1 ).
The penetration by the rectus muscles divides
Tenon's capsule into anterior and posterior portions. Anterior Tenon's capsule is adherent to episcleral tissue from the limbus posteriorly for about 10 mm and is fused with the intermuscular septum of the extraocular muscles and overlying bulbar conjuctiva over most of this portion. The posterior Tenon's capsule is thinner and passes round to the optic nerve, separating the globe from the contents of the retrobulbar space. Hence there is a potential space posteriorly between the sclera and Tenon's capsule. Delivery of local anaesthetic into this space allows spread along the extraocular muscle sheaths, diffusion into the retrobulbar space and direct action on the nerves supplying the globe that pass through this space.
Technique
The equipment required to perform the block is as follows: Lid speculum (e.g. Kratz Barraquer), small forceps (e.g. Hoskins-style notched tip), curved spring scissors (e.g. blunt Westcott's), and a curved lacrimal cannula (blunt-tipped), all prepared sterile.
After placement of an indwelling intravenous cannula and monitoring (pulse oximeter), topical anaesthetic is applied to the conjuctiva (amethocaine or proxymetacaine drops). The lid speculum is positioned and one or two drops of 5% povidone iodine are instilled to sterilize the conjuctiva. A righthanded operator should stand on the left side of the patient's head, as this allows easiest access for either eye. The patient is then requested to gaze upwards and laterally.
After further placement of local anaesthetic drops on the medial portion of the bulbar conjunctiva, the conjuctiva and anterior Tenon's is picked up by the forceps at an infero-nasal point about 7-10 mm from the limbus midway between the insertions of the medial and inferior rectus muscles. This position is chosen so as to be away from the (superior) surgical site and to avoid the inferior oblique muscle and its insertion on the infero-temporal portion of the globe.
A small cut of approximately 1 to 2 mm is made at the base of the picked up conjuctiva and Tenon's capsule, taking care to avoid trauma to conjunctival vessels. At this stage it is important to ensure that the cut includes both conjunctiva and Tenon's capsule layers and that bare sclera is visible. Using blunt dissection, the curved spring scissors are passed posteriorly following the tissue plane between sclera and Tenon's capsule ( Figure 2 ). After 5 to 10 mm, the posterior sub-Tenon's space is reached which is evidenced by easier passage of the scissors posteriorly, as the intermuscular septum passing circumferentially between the extraocular muscles is no longer restricting separation of Tenon's capsule from sclera.
While still holding the conjuctiva and Tenon's capsule with the forceps, the lacrimal cannula, connected to a 10 ml syringe containing a 50/50 mixture of 2% lignocaine and 0.5% bupivacaine with 150 units of hyaluronidase, is passed down the channel until the tip lies well into the posterior sub-Tenon's space ( Figure 3 ). Injection of 2 to 3 ml of solution is performed over 15 to 20 seconds with positioning of the needle to allow easy injection. It is often easier to inject the full 3 ml if the position of the cannula tip is changed slightly after each 1 ml of fluid is injected.
A small amount of solution frequently appears in the anterior sub-Tenon's plane after injection but resolves with application of an intraocular pressure lowering device, which is applied routinely for five minutes after performing the block. From placement of the lid speculum, the procedure takes about two minutes to perform.
If required a facial nerve block is performed in the usual manner according to personal preference. The author prefers infiltration of 1.5 ml of local anaesthetic solution via a 26 gauge needle into the lateral aspect of each eyelid deep to orbicularis.
Assessment
The quality of the block was assessed by the surgeon using a scale modified from Hamilton et al 10 which classifies the akinesia, analgesia and operating conditions on a point scale. Assessment was made of each of the orbicularis and rectus muscles, the presence of any conjuctival oedema and haemorrhage, vitreous pressure and intra-operative pain. The surgeon graded each of the above nine aspects on a zero to four point scale with zero points = perfect conditions, one point = noticeable but with no interference, two points = slight interference, three points = marked interference, four points = additional block required. Thus, zero points would equal a perfect block and the maximum score of 36 points would correspond to a totally ineffective block. Postoperatively, the patients were also asked by the recovery room nurse as to the discomfort of the block insertion, the pain, if any, experienced during surgery and the timing of such pain. Pain was graded as mild, moderate, severe or extreme. A visual analog scale was considered impractical and likely to be inaccurate because of severe visual impairment in this group of patients. Any problems or complications were also noted.
RESULTS
Data from 300 consecutive sub-Tenon's blocks performed over a period of twelve months were analysed. The mean age of the patients was 73 years (range 45-101) with a female to male ratio of 1.8:1. The operative procedure in virtually all cases was either cataract extraction or trabeculectomy.
Of the 300 blocks, 121 patients (40.3%) received a facial nerve block prior to surgery. In the remaining 179 patients, eyelid tone was reduced completely by the sub-Tenon's block alone.
The mean block score as assessed by the surgeon in this series was 0.64, with a range of 0-20. The distribution of block scores is summarized in Table 1 . Two hundred and thirty-two patients (77.3%) scored "perfect" zero points, while the one patient (0.3%) who scored more than 10 points required a retrobulbar block immediately prior to surgery for poor akinesia.
One other patient had poor akinesia after the first 3 ml but subsequently developed a good block following a 2 ml "top-up" of local anaesthetic before being presented for surgery.
During the procedure 25 patients (8.3%) required extra topical amethocaine at some stage, and four patients (1.3%) had noticeable sub-conjunctival haemorrhage, but this did not interfere with the surgical site.
The pain experienced by the patient during performance of the block and the intra-operative pain is summarized in Table 2 . For the insertion of the block 204 (68%) said they experienced no pain at all, 82 (27.3%) found the block to be mildly painful, 11 (3.7%) had moderate pain and 3 (1%) patients experienced severe pain. These three patients all had separate facial nerve blocks.
Intra-operatively, analgesia was complete in 223 (74.3%) patients. Twenty patients had pain at the beginning of surgery (usually the superior rectus stitch), two patients had pain in the middle and 61 had pain at the end of surgery (usually the subconjunctival antibiotic). Sixty-two rated this pain as "mild", 13 as "moderate" and 2 as "severe". No complications attributable to the block occurred in this series.
Two hundred and ninety-nine patients said that they would have the same block again. One would prefer a general anaesthetic.
DISCUSSION
Complications of retrobulbar and peribulbar blocks are well described, and the incidence of such complications in our institution is consistent with other reports [1] [2] [3] [4] . Although these complications are uncommon it would be desirable to find a technique which produced a quality of block at least as good but with none of the serious complications. Peribulbar blocks have several potential advantages over retrobulbar blocks in this respect 5 and were used extensively in this institution several years ago. However, because of the fact that scleral perforation is still a possibility (particularly if a superior peribulbar injection is performed) 1 , a relatively large volume of injectate is required in the orbit, along with a perception that the quality of akinesia was not as consistent as a retrobulbar block, this technique has lost favour and now accounts for less than 5% of the blocks performed here.
The sub-Tenon's technique appears to get closer to the characteristics of an ideal block than either of the above techniques. It uses a similar injectate volume and has a speed of onset comparable to retrobulbar block, but should avoid many of the serious complications associated with retrobulbar anaesthesia, namely scleral perforation, optic nerve trauma, brainstem anaesthesia, and retrobulbar haemorrhage, because a blunt probe rather than a sharp needle is used for the injection. Although the results of this study are very encouraging, many thousands of sub-Tenon's blocks will need to be studied to confirm the reduction in complications with this technique. Although unlikely, it is theroretically possible to tear a vortex vein during blunt dissection with the curved spring scissors, but any bleeding produced will decompress anteriorly through the dissected path and would be unlikely to cause an increase in retrobulbar pressure as can occur during retrobulbar anaesthesia.
The patients' responses to the questions asked regarding the comfort of the block and the operative procedure were considered to be reasonably reliable since neither premedication nor sedation is used.
Another advantage of the sub-Tenon's technique is that it is usually associated with only minor discomfort, which may explain the excellent degree of patient acceptability. All patients developed some degree of loss of orbicularis tone, although a painful facial nerve block was still desirable in 40.3% of cases for optimum orbicularis block. How the sub-Tenon's block produces such a profound orbicularis block in the majority of patients is unclear. The most likely explanation is that this is due to local anaesthetic tracking sub-conjunctivally into the lids and acting on branches of the facial nerve at that point.
When performing sub-Tenon's blocks particular care should be exercised in patients who have had previous retinal detachment surgery with scleral buckles, especially in the infero-nasal region, although buckles in this region are unusual. Scarring from previous detachment surgery may theoretically hinder the spread of local anaesthetic; however, two blocks were performed in such patients with no problems. Care should also be taken in performing this block in high myopes owing to the possible but uncommon presence of a posterior staphyloma; however, other block techniques are also relatively contraindicated in these patients. Ideally patients who are on anticoagulants should have these stopped preoperatively, but if temporary reversal of anticoagulation is considered undesirable and the medical condition of such a patient may make administration of general anaesthesia a greater risk, this technique is likely to be safer than a retrobulbar or peribulbar block.
In summary, the sub-Tenon's block is a highly effective anaesthetic technique for major ophthalmic surgery, which is relatively easy to perform and appears to avoid the major complications associated with retrobulbar and peribulbar techniques. This study indicates that this is a suitable technique for anaesthetists to use, and more widespread training of both surgical and anaesthetic staff in this technique is now underway in this institution.
